AI3$TI•ACT.--The mean absolute percent error of predicting the fat mass of 40 Rock Doves (Columba livia) by the cyclopropane absorption method was 11%. A sensitivity analysis of some of the 15 variables used in computing fat mass by the cyclopropane absorption method showed that: (1) cloacal temperature was a good measure of body-fat temperature, (2) the lipid solubility coefficient of cyclopropane reported for rats was appropriate for pigeons, (3) minimum error occurred with an animal density of 1.08, (4) error was relatively insensitive to a range of reasonable estimates of body water, and (5) the most accurate method of measuring chamber volume was unclear. We list advantages and disadvantages of this user-unfriendly method and provide recommendations for future users. This method does not require a calibration based on fat extracted from dead birds; the accuracy and precision of a system assembled to measure the fat mass of live birds can be evaluated with olive oil standards. The accuracy of estimating fat mass of a living bird seems to be dictated, in large part, by the analytical equipment and procedures used rather than by the bird. 
to 22% fat mass) were used in this study. These birds were given water and food ad libitum for several weeks prior to the experimental treatments.
Apparatus and experimental procedure.--A pigeon was positioned head first into an aluminum cylinder (which held its wings against the body) until its bill touched the wire mesh covering the cylinder end. The cylinder was then placed concentrically inside the base of a horizontally mounted 3.5-or 4.5-L glass reaction kettle (Ace Glass Incorporated, Vineland, New Jersey; hereafter called "the chamber"; Fig. 1 ). One pouch, made from stapled aluminum screen and containing 60 g of soda lime, and another containing 120 to 190 g of Drierite, were placed between the chamber wall and the aluminum cylinder to absorb CO2 and H20, respectively. We placed an egg-shaped magnetic stir bar on the ventral curved surface near the center of the chamber to mix chamber gases. The chamber rested on top of a magnetic stir plate.
The glass lid of the chamber had three ports, two of which housed two-way Teflon stopcocks and one that contained an adapter to hold a manometer and a copper-constantan thermocouple wire. Chamber gas samples (20 p•L) were obtained from one stopcock for cyclopropane analysis, and 100% oxygen or room air was injected into the chamber through the other stopcock to restore lowered chamber pressure (created by the animal's consumption of oxygen and the chemical absorption of its CO2 in the chamber) to atmospheric pressure. A U-shaped glass manometer, which contained glycerol and measured chamber pressure, was attached with Teflon tape to the glass adapter, and a thermocouple wire, which measured Desiccation of carcass to constant dry mass Gas chromatograph chamber-gas temperature, entered the side arm of the adapter and extended 2 cm into the chamber. The manometer detected decreases in chamber pressure as the animal consumed oxygen. Material surfaces within the chamber included glass, aluminum, Teflon, and glycerol. Cyclopropane is not absorbed by these materials but is soluble in commonly used laboratory materials such as rubber, stopcock grease, and plastic. A Teflon gasket, smeared with a thin layer of glycerol, was positioned between the lid and base of the chamber and held firmly in place with a clamp that applied pressure completely around the flange of the lid and base. After the lid was tightened, we temporarily removed the adapter containing the manometer from the lid, and flushed 100% O• into the chamber through this port for about 2 to 3 min. The adapter was replaced, both stopcocks were closed, and the magnetic stirrer started. Fifty mL of air was withdrawn from the sealed chamber and replaced with 50 mL of cyclopropane withdrawn from a gas cylinder Before injection, the syringe needle was purged to atmospheric pressure by placing it under water until bubbling of cyclopropane from the syringe had stopped.
After two and one-half hours, 20-•xL samples of chamber gas were removed every 10 to 15 min and analyzed with a Hewlett Packard 5890A Gas Chromatograph (FID, 1.8 m glass column packed with 0.19% picric acid in Carbopack [Supelco Inc., Bellefonte, Pennsylvania], 100øC isothermal). Sampling continued until the SD of the mean of three samples was less than 0.75%. Cyclopropane concentration was calibrated using external standards that were made by injecting 10 to 18 mL cyclopropane into 1-L volumetric flasks. The relationship of peak area versus cyclopropane concentration was completely linear throughout the range of cyclopropane concentration used in the experiments. At the end of each experiment, we measured the mass and body temperature of the pigeon within 30 s of removal from the chamber, after which the pigeon was euthanized with N2 and frozen.
Lipid analysis.--Carcasses were partially thawed, most feathers were removed with scissors, and then weighed. Cuts were made in the head, wing muscles, abdomen, and legs, and carcasses were stapled in a packet of aluminum wire screen and refrozen. Carcasses were freeze-dried for 48 to 72 h and then airdried at 60øC in a convection oven to constant mass.
We removed dried carcasses from the screen packet, weighed them, and then ground them to a uniform consistency with a Knifetec Tissue Homogenizer (Perstorp Analytical Silver Spring, Maryland). Subsamples of the ground birds were placed in preweighed cellulose thimbles, weighed, and extracted with Soxtec HT2 and HT6 extraction units (Perstorp Analytical, Silver Spring, Maryland). Petroleum ether, used as the extraction solvent, removes only nonpolar lipids and therefore is recommended for body composition studies (Dobush et al. 1985) . Empty thimbles, and those containing pre-and post-extraction samples, were weighed inside a dry box maintained at less than 0.5% relative humidity. We calculated percent fat in each subsample as the difference between the mass of the sample before and after extraction divided by the mass of the sample before extraction. Subsamples from each bird were extracted until the standard deviation of the mean of two samples was less than 0.75%. Total nonpolar FM for each bird was calculated as the product of percent nonpolar fat and total dry mass.
The equations we used to compute FM from cyclopropane absorption data are shown in Appendix 1. The variables required in these equations and the methods of measuring them are shown in Table 1 and described below.
Volume of animal chamber.--Chamber volume was 
with c• in moles/g and TKF in øK, (r = -0.996). We found that the estimated oil mass was consistently less than the actual oil mass. While troubleshooting the potential causes of this error, we discovered that the 10-mL gas syringe used to deliver 50 mL of cyclopropane into the chambers leaked during delivery. A new 50-mL gas syringe, which did not leak, was used in all pigeon trials. We recommend that future users of the cyclopropane method test their system with olive oil before beginning body-fat measurements on animals. (Table 2) .
RESULTS

Fifteen input variables
Despite this discrepancy, we determined the most accurate measure of chamber volume by computing the FM of each pigeon using a series of values of chamber volume, which were incremented around water volume and included cyclopropane dilution volume, and then plotting the mean percent error of these computed FM estimates against chamber volume. The errors were smallest for the 3.5-L chambers at chamber volumes that were 1.90% smaller than 4O. 30. Table  3 ). Lower panel: using all 10 pigeons measured in the 4.5-L chamber and using the data from only 5 of the 10 pigeons, which were collected without any experimental problems (see Table 3 Figure  3 . The absolute percent error of the body-fat estimate was not significantly correlated with quantity of body fat (r 2 = 0.011). The cyclopropane method is neither userfriendly nor free of unplanned events. We encountered several experimental "problems" that potentially could have introduced significant error in our data set (Table 3) . We evaluated these problems by removing the data that were collected on 16 pigeons when one or more experimental problems occurred. Elimination of these problem samples reduced the overall error from 11.8% to 10.5% in the 3.5-L chambers (n = 19) and increased the error from 9.4% to 10.9% in the 4.5-L chamber (n = 5; Fig. 2) . Thus, these experimental problems did not contribute significantly to the overall error of the FM estimated for 40 pigeons. In the following discussion, we assess the accuracy of our measurements of.these eight variables, which includes a sensitivity analysis of our data in an attempt to reveal potential errors in our measurements of five of these eight variables. Also, we assess the effect of estimating rather than measuring body water on the accuracy of predicting FM. In the sensitivity analyses, we incremented only one variable at a time around its measured value, and we always used the chamber volumes that resulted in mean minimum absolute error as shown in Table 2 ). The unexpectedly high standard deviation for each chamber suggests that our system for measuring the mole fraction of cyclopropane in the chamber or for measuring the volume of cyclopropane injected into the chamber was somewhat imprecise. A sensitivity analysis of mole fractions of cyclopropane on the error of the fat estimate shows that minimum error occurred within <0.5% of the measured value (Fig. 4A ).
Pressure and volume of cyclopropane in the injection syringe.--We believe that the pressure of cyclopropane in the injection syringe, which was purged to atmospheric pressure before injection, was measured accurately. Although the 50-mL syringe was calibrated with water, small consistent errors (certainly not exceeding 1 mL [2% of volume]) could occur. In the sensitivity analysis, a + 2% error in injection volume increases the absolute error from 11.8 to 22.7% in the 3.5-L chambers and from 9.4 to 15.0% in the 4.5-L chamber (Fig. 4B) fore, any error in animal volume results in an error in effective volume, making it more difficult to separate the potential contribution of each of these volumes to error in our data set.
We measured the volume of a frozen pigeon as the difference between the cyclopropane dilution volume of the chamber when empty and when containing a frozen pigeon. Cyclopropane, undoubtedly, did not enter the lungs, air sacs, and gut lumen of the frozen carcass as it would have in a live pigeon; thus, we did not measure these combined volumes of space in the live pigeon, which should be considered as part of the chamber and effective volumes. when fat temperature used to compute body fat was within IøC of the measured cloacal temperature (Fig. 6A) .
Body water--We also examined the sensitivity of our data set to potential errors in the estimate of body water Although the cyclopropane method is designed to be noninvasive and nonlethal, the calculations require a measure or estimate of the total body water of the animal. Because it is impractical to measure the body water of a bird by isotopic water dilution concomitant with measuring its body fat by cyclopropane absorption, a reasonable estimate of 
SUGGESTIONS FOR FUTURE USE
The advantages and disadvantages of cyclopropane absorption method are listed in Appendix 2. The error of estimating body fat by the cyclopropane method can be minimized by careful attention to measurement of gas volumes, prevention of gas leaks from the chamber, and preparation of standards used in calibrating the gas chromatograph. We recommend the following steps or procedures to help reduce undesirable gas-volume fluctuations during delivering and withdrawing gas samples from the chamber and to improve chances of success.
First, the volume of cyclopropane required to establish a I to 1.5% cyclopropane level in the chamber should be injected in one delivery, rather than in multiple deliveries that increase the opportunities for error. We used a 50-mL gas syringe for injecting 100% cyclopropane into chamber volumes ranging from 3.5 to 4.5 L. The initial percent cyclopropane in the chamber should always be kept below 2% be- Second, the operator should wear well-insulated gloves while handling the syringes to prevent warming the syringe barrel and the gas within. Third, periodically check the junction between the syringe and the needle for possible leaks, for example, by looking for bubbles emerging from the junction while a volume of air is delivered from the syringe underwater Fourth, the bore of the injection syringe needle occasionally becomes partially or completely plugged with a core of rubber withdrawn from the rubber septum on the chamber sampling port or on the gas chromatograph inlet port. We overcame this problem by blocking the opening of the needle with epoxy and using a metal file to form one or two side holes through the wall of the needle about 0.5 to 1 cm distal to the epoxied end. Although these side holes also can become plugged with rubber, plugging occurs much less frequently than with an open-ended needle. A partially clogged syringe needle, which is indicated when the time required to purge the gas sample to atmospheric pressure underwater is significantly longer, causes the pressure within the syringe to increase significantly above normal during delivery of cyclopropane. This may cause abnormal leakage at the needle/syringe junction or between the syringe piston and cylinder Fifth, some 20-•L gas syringes that we used to withdraw samples from the chamber apparently developed leakage around the Teflon piston after considerable use, which was detected from the abnormally low values measured on standard samples. Sixth, manometer and thermocouple wire were attached to the adapter in the lid of each chamber with Teflon tape, which was then epoxied in place to prevent leakage.
Seventh, at the end of a 2-to 3-h equilibrium, a chamber that is opened to room air will continue to contain some cyclopropane for more than an hour; therefore, it must be ventilated with a fan for several minutes or completely 
